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Elizabeth M. Glass, Lynn Schriml, Ilene Mizrachi, Petra ten Hoopen, Jack Gilbert, Rob Knight, 
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Standards-enabled Research in Genomics 
April 22-24th, 2013 
Natcher Conference Center, NIH 
April 22-23:  GSC15 Plenary and Poster Sessions 
April 24: GSC Working groups and GSC Hackathon 
April 25-26: GSC15 Satellite Meeting:  Genomic Observatories (Smithsonian) 
Standards-enabled Research in Genomics The 15th Genomic Standards Consortium (GSC15) meeting will be held at NIH (Bethesda, Maryland) from April 22-24th. This meeting will highlight the utilization of genome metadata standards for the enhancement of our biological understanding of microbes, the interaction between microbial ge-nomes, human health and disease. GSC15 will pro-vide a forum for standards developers, genome and metagenome researchers and biological data-base developers to discuss their research, initiate collaborations, join GSC working groups and en-gage in panel discussions. The conference will in-clude two days of plenary talks featuring GSC pro-jects and community standards efforts along with a keynote speaker, discussion of standards among a government panel and groups discussion panel. Day 3 of GSC15 will include concurrent GSC work-ing groups open to GSC15 participants. 
Meeting Logistics http://www.nih.gov/about/visitor/index.htm All visitors without an NIH ID badge will need to go through a short inspection at the Gateway Cen-ter, Bldg 66 area. All bags are inspected and scanned. Please present a government issued ID, driver’s license or passport. If your passport is from Syria, Cuba, Iran, or Sudan, you are required to obtain approval 3 weeks prior to the meeting. Contact admin@ncbi.nlm.nih.gov for guidance.  
Travel There are three airports in the area:   Ronald Reagan National Airport (DCA) in Virginia Dulles International Airport (IAD) in Virginia Baltimore Washington International Airport (BWI) in Maryland 
Hotels A number of hotels are conveniently located near the NIH meeting location [Figure 1-5]. 
Figure 1. Double Tree Hotel – Walking distance to 
NIH, 8120 Wisconsin Avenue, Bethesda, MD 
20814, Tel: 301-652-2000 /1-800-222-8733, 
http://www.doubletreebethesda.com
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Figure 2. Hilton Garden Inn in Bethesda, 7301 Wa-
verly Street, Bethesda, MD  20814, Tel: 1-301-654-
8111, Fax 1-301-654-6584, 
http://hiltongardeninn.hilton.com, Walking distance to 
Bethesda Metro Station. One metro stop south of 
Medical Center/NIH 
Figure 3. Hyatt Regency Bethesda, 1 Bethesda Metro 
Center, Bethesda, MD 20814, Tel: 657-1234, 
http://www.bethesda.hyatt.com, Walking distance to 
Metro Station. One metro stop south of Medical Cen-
ter/NIH 
Figure 4. Residence Inn by Marriott, 7335 Wisconsin 
Avenue, Bethesda, MD 20814, Tel: 301-718-0200, 
http://www.residenceinnbethesdahotel.com/ or 
http://cwp.marriott.com/wasbt/nih/ 
Figure 5. Marriott Pooks Hill, 5151 Pooks Hill 
Road, Bethesda, Md 20814, Tel: 301-897-9400; 1-
800-228-9290, 
http://www.marriott.com/hotels/travel/wasbt-
bethesda-marriott/, Shuttle from hotel to Medical 
Center 
GSC 15 
126 Standards in Genomic Sciences 
Agenda 
Monday, April 22nd 
8:00-9:00  Arrival, Registration, Poster setup, Coffee & Breakfast 
9:00-9:15   Meeting Opening: Lynn Schriml and Ilene Mizrachi Jim Ostell of NCBI opens GSC15 
9:15-9:45  Standards in the INSDC Ilene Mizrachi (NCBI) and Petra Ten Hoopen (EBI) 
9:45-10:00  GSC Introduction Dawn Field (NERC Centre for  Ecology and Hydrology, UK) 
10:00-10:30  GSC Groups I: Success stories of GSC standards in Environmental Ge-nomics Session Chair: Dawn Field 
Konstantinos Liolios (DOE Joint Ge-nomes Institute, USA) The Genomes OnLine Database (GOLD) v.5: status of genomic and metagenomic projects and their as-sociated metadata, GSC15p20 
Jack Gilbert (Argonne National La-boratory and University of Chicago, USA) The Hospital Microbiome Project – understanding microbial transmis-sion and ecology in a health care en-vironment, GSC15p38 
Frank Oliver Glöckner (Max Planck Institute Bremen and Jacobs Univer-sity Bremen, Germany) Micro B3: Marine Microbial Biodi-versity, Bioinformatics, Biotechnolo-gy, GSC15p05 
10:30-11:00  Coffee Break & Poster Session 
11:00-12:30 Standards in the HMP and Human Microbiome Research 
Session Chairs: Rob Knight and Owen White 
Owen White (University of Mary-land School of Medicine, USA) Utilization of Standardized Vocabu-laries in the Management of Hu-man Microbiome Data, GSC15p43 
Rob Knight (University of Colorado Boulder, USA) Using standards-compliant metadata to combine human microbiome studies, GSC15p32 
Curtis Huttenhower (Harvard School of Public Health, USA) Cataloging genes and pathways in the human microbiome, GSC15p40 
Jack Gilbert (Argonne National La-boratory & University of Chicago, USA) The Earth Microbiome Project and the importance of data standards in modeling the planets microbiome, GSC15p37 
Susan Holmes (Stanford Universi-ty, USA) Reproducible research for data normalization, analyses and simu-lations, GSC15p39 
12:30-13:30  Lunch 
13:30-14:15  Introduction: Owen White] Keynote Speaker: Steven Salzberg (Johns Hopkins University School of Medicine, USA) 
14:15-15:00  GSC Groups II: GSC Standards ImplementationSession Chair: [Frank Oliver Glöckner] 
Renzo Kottmann (Max Planck In-stitute Bremen, Germany) Earth Sampling App for Ocean Sampling Day, GSC15p27 
George Garrity (Michigan State University, USA) 
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Standards in Genomic Sciences (SIGS), GSC15p34 
Antonio Gonzalez (University of Colorado Boulder, USA) Next generation software pipelines and reproducibility for microbial community analysis, GSC15p07 
Pelin Yilmaz (Max Planck Institute Bremen, Germany) Phylogeny, ecology and biogeogra-phy of marine bacterial and archaeal clades, GSC15p33 
15:00-15:30  Coffee Break & Poster Session 
15:30-17:00  GSC Outreach I: Standards Devel-opment and Implementation in Genomic and Metagenomic Re-search (Submitted Abstracts) Ses-sion Chair: [Susanna-Assunta Sansone] 
Anjantte Johnston (National Cen-ter for Biotechnology Information, USA) GSC-Compliance at NCBI, GSC15p11 
Heather Huot-Creasy (University of Maryland School of Medicine, USA) The Human Microbiome Project Metadata Catalog, GSC15p19 
Tonia Korves (The MITRE Corpora-tion, USA) Applying Publicly Available Ge-nomic Metadata to Disease Out-break Investigation, GSC15p06 
Adam Phillippy (University of Maryland, USA) Sequencing and analysis standards for microbial forensics, GSC15p26 
Junhua Li (BGI, China) A new version of human gut mi-crobial gene catalog integrating with 3 continent populations and 
human gut-related bacterial ge-nomes, GSC15p30 
17:00-17:30  Poster Session Flash talks (2 min, 1 slide) 
18:00  Day 1 Wrap Up 
18:30-21:00- GSC15 Reception Evening reception, food and drink provided by the GSC. Lebanese Taverna Restaurant 7141 Arlington Road, Bethesda, MD 
Tuesday, April 23rd 
8:00-9:00  Coffee & Breakfast 
9:00-10:30  GSC Outreach II Standards Development and Imple-mentation in Genomic and Metagenomic Databases and Applica-tions (Submitted Abstracts)Session Chair: [Norman Morrison] 
Judith Blake (The Jackson Labora-tory, USA) & Suzanna Lewis (Law-rence Berkeley National Laborato-ry, USA) Gene Ontology: Functional Annota-tion For Comparative Genomics, GSC15p29 
Evangelos Pafilis (Hellenic Center of Marine Research, Greece) ENVIRONMENTS: identification of environment descriptive terms in text, GSC15p12 
Susanna-Assunta Sansone (Univer-sity of Oxford, UK) The ISA Commons: curate, visual-ize, analyze, share and publish, GSC15p15 
Trish Whetzel (BMIR Stanford University, USA) NCBO Technology: Powering Se-mantically Aware Applications to 
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enable Standards Driven Research, GSC15p22 
K. Eric Wommack (University of Delaware, USA) The VIROME Compare-inator: a web tool for exploring the diversity of viral communities, GSC15p21 
Hilmar Lapp (National Evolution-ary Synthesis Center, USA) The Blessing and the curse: hand-shaking between general and spe-cialist data repositories 
10:00-10:30  Coffee Break & Poster Session 
10:30-12:00  GSC Outreach III  Standards Development and New Standards in Genomic and Metagenomic Databases and Appli-cations (Submitted Abstracts) Ses-sion Chair: Linda Amaral-Zettler 
Granger Sutton (J. Craig Venter In-stitute, USA) Standards for Pan-Genome Data Repositories, GSC15p18 
Folker Meyer (Argonne National Laboratory and University of Chi-cago, USA) & Tatiana Tatusova (National Center for Biotechnology Information, USA) Pan-genome: a new paradigm in microbiology, GSC15p28 
Cynthia Parr (Smithsonian Institu-tion, USA) Encyclopedia of Life: Applying con-cepts from Amazon.com and LEGO to biodiversity informatics, GSC15p17 
Katharine Barker (Smithsonian In-stitution, USA) The Global Genome Biodiversity Network (GGBN) and the Global Genome Initiative (GGI): Building the Infrastructure for the future of Genomics, GSC15p16 
Marnix Medema (Max Planck Insti-tute Bremen, Germany) MIBiG: Minimal Information about a Biosynthetic Gene Cluster, GSC15p02 
Markus Göker (DSMZ, Germany) Proposal for a Minimum Infor-mation on a Phenotype MicroArray Study (MIPS) standard, GSC15p09 
Michael Schneider (Max Planck In-stitute Bremen, Germany) A MIxS and DwC compliant biodiver-sity Reference Data Model to support the community in implementing the database layer, GSC15p14 
12:00-13:30  Lunch 
13:30- 15:30  Government Panel Discussion Topic: Where are standards in genomics most need-ed now?Session Chairs: Lynette Hirschman and Lynn Schriml Panel Chair: Dan Drell (DOE) Session Members: Susan Gregurick (DOE), Adam Phillippy (DHS), Ali-son Yao (NIAID), Ann Lichens-Park (NIFA/USDA), Lita Proctor (Com-mon Fund), Marc Allard (FDA), Marc Salit (NIST), Patricia Reichelderfer (NICHD), Vivien Bonazzi (NHGRI), Sylvia Spengler (NSF/CISE) 
15:30- 16:00  Coffee Break & Poster Session 
16:00-17:00  Panel Discussion 
Proposed topics 1. The need for new standards: PanGenomes 2. Genome Sequence Annotation Standards 
17:00  Day 2 Wrap Up. Close of GSC15 plenary sessions. Official Handoff of GSC15 to GSC16 to be held in Brisbane, Australia 
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Wednesday, April 24th 
Working group sessions: Open to 
All GSC15 Participants 
8:00  Breakfast & Coffee 
8:30-12:00  Morning Session Morning Session: Genomic Observa-tories (GOs) Session [Balcony B] (all groups in GOs session), Pro-gram: See http://tinyurl.com/axh44uq 
10:15-10:45  Morning Coffee Break 
12:00-1:00  Lunch 
13:00-15:00  Afternoon Concurrent Session I: GOs core group meeting [Balcony B] M5 Working Group [Room H]  GSC Biodiversity Hackathon &   Compliance and Interoperability Working Group [Room C1/C2] 
14:45-15:15  Afternoon Coffee Break 
15:15-17:00  Afternoon Concurrent Session II GOs core group meeting [Balcony B] M5 Working Group [Room H]  GSC Biodiversity Hackathon &   Compliance and Interoperability Working Group [Room C1/C2] GSC Board Meeting [Closed Ses-sion] [Room B] 
April 25-26th GSC15 Satellite Meeting: Genomic Observatories 2nd (GOs2) International Meeting (Smithsonian) Please see Genomic Observatories Network workshop (GOs2) for de-tails of the meeting, and http://genomicobservatories.org for more information about the Genomic Observatories Network in general. 
GSC15 Poster presenters 
Poster Number, Presenter/Authors, Title 1.   Lita Proctor The trans-NIH Microbiome Working Group (TMWG), GSC15p01 
2.   Yemin Lan, Nivedita Clark, Christopher Blackwood and Gail Rosen Identifying functional signatures in microor-ganism genomes related to polymer decom-position, GSC15p03 
3.  Michael Vyverman, Bernard De Baets, Veerle Fack and Peter Dawyndt ALFALFA: a Novel Algorithm for Long Frag-ment Mapping and Alignment, GSC15p10 
4.  Hubert Denise, Peter Sterk, Matt Corbett, Matthew Fraser, Craig McAnulla, Alex Mitch-ell, Gift Nuka, Sebastien Pesseat, Maxim Scheremetjew and Sarah Hunter The Metagenomics Resource at the Europe-an Bioinformatics Institute, GSC15p13 
5.  Daniel Nasko, Jaysheel Bhavsar, Shawn Pol-son and K. Eric Wommack Assessing patterns of CRISPR spacer compo-sition using the CASC discovery and valida-tion tool, GSC15p21 
6.  Takatomo Fujisawa, Toshiaki Katayama, Shinobu Okamoto, Hiroshi Mori, Yasunori Yamamoto and Yasukazu Nakamura Development of an ontology for the INSDC Feature Table Definition, GSC15p01 
7.  Adam Arkin, Robert Cottingham, Sergei Maslov, Rick Stevens, Thomas Brettin, Dylan Chivian, Paramvir Dehal, Christopher Henry, Folker Meyer, Jennifer Salazar, Doreen Ware, David Weston, Brian Davison and Elizabeth 
M. Glass Using Data Standards in KBase: The DOE Systems Biology Knowledgebase,. GSC15p31 
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8.  Elizabeth M. Glass, Yekaterina Dribinsky, Pelin Yilmaz, Hal Levin, Robert Van Pelt, Doug Wendel, Andreas Wilke, Jonathan Eisen, Sue Huse, Anna Shipanova, Mitch Sogin, Jason Stajich, Rob Knight, Folker Meyer and Lynn Schriml Meta Data Standards for the Built Environ-ment - MIxS-BE, GSC15p32 
9.  Anna Klindworth, Elmar Pruesse, Timmy Schweer, Joerg Pelpies, Christian Quast and 
Frank Oliver Glöckner In silico evaluation of primer and primer pairs for 16S ribosomal RNA biodiversity, GSC15p04 
10.  Bart Mesuere, Bart Devreese, Griet Debyser, Maarten Aerts, Peter Vandamme and Peter 
Dawyndt Unipept: Exploring biodiversity of complex metaproteome samples, GSC15p08 
11.  Bing Ma, Arthur Brady, Owen White and Jacques Ravel Organism-centric approach to study paired metagenome and metatranscriptome profiles of vaginal microbial community, GSC15p42 
12.  Peter Sterk: GSC Projects 
13.  NCBI 
14.  Anjanette Johnston, John Anderson, Tanya Barrett and Ilene Mizrachi GSC-Compliance at NCBI, GSC15p11 
15.  Evangelos Pafilis, Sune Frankild, Lucia Fanini, Sarah Faulwetter, Christina Pavloudi, Katerina Vasileiadou, Christos Arvanitidis and Lars Juhl Jensen ENVIRONMENTS: identification of environ-ment descriptive terms in text, GSC15p12  
16.  Trish Whetzel NCBO Technology: Powering Semantically Aware Applications to enable Standards Driv-en Research, GSC15p22 





The trans-NIH Microbiome Working Group 
(TMWG) 
Lita Proctor 
National Institutes of Health, Bethesda, MD, USA 
Correspondence: lita.proctor@nih.gov 
Keywords: microbiome, trans-NIH, working group 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract In recent years, interest in the microbiome has greatly increased. A newly established group of NIH extramural program staff representing 14 Institutes and Centers (ICs) with a common interest in the microbiome formed in response to this growing in-terest. NIH is a large agency and even internally, it's not always possible to know what areas each IC is funding or planning to fund. The trans-NIH Microbiome Working Group (TMWG) formed to 1) create an internal forum for exchanging information about current microbiome-related funding opportu-nities, plan joint microbiome-related funding oppor-tunities and explore possible joint microbiome-related activities with other agencies but also 2) es-tablish a clearinghouse for communicating NIH microbiome-related news to the broader scientific community. This poster will highlight some of the current and upcoming activities of the TMWG. 





MIBiG: Minimal Information about a Biosyn-
thetic Gene Cluster 
M.H. Medema1,2, P. Yilmaz3, R. Kottmann3, F.O. 
Glöckner3, R. Breitling2,4, E. Takano1,4 
1Department of Microbial Physiology 
2Groningen Bioinformatics Centre, University of Gro-
ningen, Groningen, The Netherlands 
3Microbial Genomics and Bioinformatics Group, Max 
Planck Institute for Marine Microbiology, Bremen, 
Germany 
4Faculty of Life Sciences, Manchester Institute of Bio-
technology, University of Manchester, United King-
dom 
Correspondence: m.h.medema@rug.n 
Keywords: genomic standards, biosynthetic gene clus-
ter, secondary metabolism, natural products 
Program session: Implementing Standards in Genomic 
and Metagenomic Research Projects 
Abstract Bacteria, fungi and plants produce an enormous variety of secondary metabolites with manifold bio-logical activities, e.g., as antibiotics, immunosuppressants, and signaling molecules. The biosynthesis of such molecules is encoded by com-pact genomic units: biosynthetic gene clusters. Over the past decades, hundreds of biosynthetic gene clusters encoding the biosynthesis of second-ary metabolites have been characterized. Although dozens of biosynthetic gene clusters are published and thousands are sequenced annually (with or without their surrounding genome sequence), very little effort has been put into structuring this in-formation. Hence, it is currently very difficult to prioritize gene clusters for experimental character-ization, to identify the fundamental architectural principles of biosynthetic gene clusters, to under-stand which ecological parameters drive their evo-lution, and to obtain an informative ‘parts registry’ of building blocks for the synthetic biology of sec-ondary metabolite biosynthesis. 
Therefore, developing a genomic standard for ex-perimentally characterized biosynthetic gene clus-ters would be of great value. The standard will build on the MIxS standards for ecological and en-vironmental contextualization [1]. Additionally, biochemical, genomic and pharmaceutical metada-ta will be added in parameters such as enzyme sub-strate specificities, operon structure, chemical moi-eties of the product, metabolic precursors and compound bioactivity. Using the already developed computational pipeline for gene cluster analysis antiSMASH [2], information on characterized bio-synthetic gene clusters will be linked to the un-tapped wealth of thousands of unknown gene clus-ters that have recently been unearthed by massive genome sequencing efforts. Taken together, this has the potential to guide the characterization of new metabolites by allowing to optimize the sam-pling of diversity at different levels and to identify the biochemical, genomic and ecological parame-ters that are key predictors of pharmaceutically relevant biological activities. Moreover, it can transform the unordered pile of literature on sec-ondary metabolites into a structured and annotat-ed catalogue of parts that can be used as building blocks to design new biochemical pathways with synthetic biology [3,4]. 
Yemin Lan 
GSC15p03 
Identifying functional signatures in microor-
ganism genomes related to polymer decom-
position 
Yemin Lan1, Nivedita Clark2, Christopher Blackwood2 
and Gail Rosen1. 
1Drexel University 
2Kent State University 
Correspondence: yeminlan@gmail.com 
Keywords: polymer decomposition, functional signa-
tures, feature selection 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
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In silico evaluation of primer and primer 
pairs for 16S ribosomal RNA biodiversity 
Anna Klindworth1, Elmar Pruesse2, Timmy Schweer1, 
Joerg Pelpies3, Christian Quast1 and Frank Oliver 
Glöckner1 
1Max Planck Institute for Marine Microbiology, Bre-
men, Germany 
2Jacobs University, Bremen, Germany 
3Ribocon, Bremen, Germany 
Correspondence: fog@mpi-bremen.de 
Keywords: 16S rDNA, primer, next generation se-
quencing, diversity analysis, SILVA TestPrime 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract 16S ribosomal RNA gene (rDNA) amplicon analy-sis remains the standard approach for the cultiva-tion-independent investigation of microbial diver-sity. However, the accuracy of these analyses de-pends strongly on the choice of primers. This issue has been addressed by an in silico evaluation of primer with respect to the SILVA non-redundant reference database (SILVA SSURef NR). A total of 175 primers and 512 primer pairs were analyzed with respect to overall coverage and phylum spec-trum for Archaea and Bacteria. Based on this eval-uation a selection of ‘best available’ primer pairs addressing different sequencing platforms is pro-vided in order to serve as a guideline for finding the most suitable primer pair for 16S rDNA analy-sis in any habitat and for individual research ques-tions. Moreover, the SILVA team developed a new SILVA TestPrime tool (http://www.arb-silva.de/search/testprime) allowing the scientific community to perform an online in silico PCR with their primer pair of interest. Re-evaluation using an up-to-date database can be assured and evalua-tion of primer pairs prior to amplification both remain attractive in the future [5,6]. 
Schriml et al. 
http://standardsingenomics.org 133 
 
Frank Oliver Glöckner 
GSC15p05 
Micro B3: Marine Microbial Biodiversity, Bi-
oinformatics, Biotechnology 
Frank Oliver Glöckner 
Jacobs University Bremen, Bremen, Germany 
Correspondence: fog@mpi-bremen.de 
Keywords: Biodiversity, Bioinformatics, Biotechnology, 
Standards, Ocean Sampling Day 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission, Implementing 
Standards in Genomic and Metagenomic Research 
Projects 
Abstract The 32 partner Ocean of Tomorrow Project Micro B3 (Biodiversity, Bioinformatics, Biotechnology, www.microb3.eu) forms teams of experts in bioin-formatics, computer science, biology, ecology, oceanography, bioprospecting, biotechnology, eth-ics and law. The consortium’s main aims are to bring together the existing bodies of expertise in ecosystems biology, the processing and interpre-tation of data, modelling and prediction and the development of intellectual property agreements for the exploitation of high potential commercial applications. At its core Micro B3 aims to develop an innovative, transparent and user friendly open-access system, which will allow for seamless pro-cessing, integration, visualisation and accessibility of the huge amount of data collected in ongoing sample campaigns and long-term observations. This will in turn offer new perspectives for the modelling and exploration of marine microbial communities for biotechnological applications. A key boost to the work will be provided by the Ocean Sampling Day (OSD, www.oceansamplingday.org), scheduled to take place on summer solstice - 21 June 2014. OSD will take place worldwide, with pilots conducted in 2012 and 13 to establish standardized sampling techniques. Adhering to the Minimum information 
checklists (MIxS) standard for describing molecu-lar samples as outlined by the Genomic Standards Consortium will be essential for OSD. The event will generate a massive amount of useful marine microbial data to be included in the project’s inte-grated MB3-Information System, providing the members of the biotechnology team with infor-mation to generate hypotheses for more cost- and time-efficient biotechnological testing and appli-cations. In summary Micro B3 is set to revolutionise Eu-rope’s capacity for bioinformatics and marine mi-crobial data integration, to the benefit of a variety of disciplines in bioscience, technology, compu-ting, standardisation and law. Micro B3 is financially supported by the 7FP Ocean of Tomorrow Grant #287589 
Tonia Korves 
GSC15p06 
Applying Publicly Available Genomic 
Metadata to Disease Outbreak Investigation 
Tonia Korves, Matthew Peterson, Wenling Chang and 
Lynette Hirschman 
MITRE, Bedford, MA, USA and McLean, VA, USA 
Correspondence: tkorves@mitre.org 
Keywords: disease outbreaks, data integration, public 
databases, applying genomic metadata 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract An important application of genomic metadata is in the investigation of disease outbreaks. The abil-ity to identify the sources of disease outbreaks can prevent repeat events and potentially curtail out-breaks, saving lives, preventing societal disrup-tion, and reducing economic costs. One way to dis-cover the source of a pathogen is to identify other strains with shared biological properties, and then 
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Next generation software pipelines and re-
producibility for microbial community anal-
ysis 
Antonio Gonzalez1, Yoshiki Vázquez-Baeza2, Will Van 
Treuren2, Meg Pirrung3, J. Gregory Caporaso4,5 and 
Rob Knight3 
1BioFrontiers Institute, University of Colorado, Boulder, 
CO, USA 
2Department of Chemistry and Biochemistry, Universi-
ty of Colorado, Boulder, CO, USA 
3University of Colorado Denver, Anschutz Medical 
Campus, Denver, CO, USA 
4Department of Computer Science, Northern Arizona 
University, Flagstaff, AZ, USA 
5Institute for Genomics and Systems Biology, Argonne 
National Laboratory, Argonne, IL, USA 
Correspondence: antgonza@gmail.com 
Kewords: software reproducibility, next generation 
software tools, microbial analysis 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission, Implementing 
Standards in Genomic and Metagenomic Research 
Projects 
Abstract New sequencing technologies both produced an explosion of data and inspired a proliferation of individual scripts written by scientists rather than software developers. These ad hoc scripts were typically not based in software development tech-niques, and lead to a crossroad comparable to the “software crisis” of the 1970s; projects running over budget, overtime, inefficient and hard-to-maintain software, etc. Here we present the use case of the development of QIIME (Quantitative Insights Into Microbial Ecology), which is based on test-driven and agile software development tech-niques. Test-driven development is the concept of creating positive and negative controls for soft-ware, resulting in more robust systems and avoid-
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Unipept: Exploring biodiversity of complex 
metaproteome samples 
Bart Mesuere1, Bart Devreese2, Griet Debyser2, Maar-
ten Aerts3, Peter Vandamme3, Peter Dawyndt1 
1Department of Applied Mathematics and Computer 
Science, Faculty of Sciences, Ghent University, Ghent, 
Belgium 
2Laboratory for Protein Biochemistry and Biomolecular 
Engineering, Faculty of Sciences, Ghent University, 
Ghent, Belgium 
3Laboratory for Microbiology, Faculty of Sciences, 
Ghent University, Ghent, Belgium; 
Correspondences: Bart.Mesuere@UGent.be 
Keywords: metaproteomics, tryptic peptides, biodiver-
sity analysis, treemap visualization 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract Unipept (unipept.ugent.be) integrates a fast in-dex of tryptic peptides built from UniProtKB (Wu 
et al. 2005) records with cleaned up information from the NCBI Taxonomy Database (Wheeler et 
al. 2004) to allow for biodiversity analysis of metaproteome samples. With Unipept, Users can submit tryptic peptides obtained from shotgun MS/MS experiments to which the application re-
sponds with a list of all UniProtKB records con-taining that peptide. The NCBI Taxonomy Data-base is used to compute the complete taxonomic lineage of every UniProtKB record in the result set. Subsequently, these lineages are combined to compute the common lineage of the submitted peptide. Of this common lineage, the most specif-ic taxonomic node is determined as the lowest common ancestor (LCA) using a robust LCA scanning algorithm. The resulting information is visualized using an interactive JavaScript tree view that bundles all taxonomic lineages, accom-panied with a comprehensible table that contains all matched UniProtKB records. Users can also submit a list of tryptic peptides. In this case, the LCA is calculated for every submit-ted peptide as described above. These LCAs are then bundled into a frequency table and visual-ized on the results page using an interactive treemap [Figure 6]. This treemap displays hier-archical data in a multilayer histogram-like graphical representation. The squares in the treemap each correspond to a taxonomic node in the NCBI taxonomy, with their size proportional to the number of peptides having that taxonomic node as their LCA. The cleaned up hierarchy of the NCBI taxonomy is used to tile the squares ac-cording to their occurrence in the taxonomic lin-eages. These squares are color coded according to their taxonomic ranks. This graphical repre-sentation allows users to see at a glance which organisms are present in a metaproteome sample and to what extent. The treemap is interactive and can be manipulated by clicking on individual nodes. This makes it possible for users to zoom in to an area of interest (e.g. Bacteria or Firmicutes). With complex samples containing a diverse range of taxa, the treemap representation quickly be-comes cluttered. To resolve this problem, a new ring chart visualization was built into Unipept. Ring charts display the same data as the treemap, but as an interactive multi-level pie chart. The center of this pie chart represents the root node, with each ring around it stepping one level down the taxonomic hierarchy. The color of each slice is computed as the average of the colors of its children and slices without children are given random colors. Ring charts provide a more com-prehensive view by displaying only four levels at a time. Users can see more levels by clicking on a slice of interest. The node that was clicked then 
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becomes the center of the ring chart and the four levels below it are displayed. By clicking on the center of a ring chart, users can zoom out one level. By hovering the mouse over a slice, a tooltip is displayed that gives more information about the taxonomic node associated with the slice. The tooltip shows the number of peptides 
that have the taxon as their LCA, and the number of peptides whose LCA is the taxon or one of its descendants in the NCBI taxonomy. These visual-izations make Unipept an essential tool for gain-ing novel insights into the biodiversity of com-plex metaproteome samples [7-9]. 
Figure 6. Ring chart visualization of treemap data. 
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Phenotype MicroArray Study (MIPS) stand-
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Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission, Implementing 
Standards in Genomic and Metagenomic Research 
Projects 
Abstract The Phenotype MicroArray (OmniLog® PM) sys-tem developed by BIOLOG Inc. is able to simulta-neously capture a large number of phenotypes by stimulation or inhibition of an organism's energy production over time with distinct substrates. The phenotypic reaction of single-celled organ-isms such as bacteria, fungi, and animal cells in nearly 2,000 assays can be tested in sets of 96-well microtiter plates to evaluate the response of cells to diverse environments. Processing these data includes parameter estimation from the respiration curves for quantitative analysis and discretization of these parameters into intrinsi-cally positive or negative reactions for qualitative analysis. Phenotype MicroArray data are of use in genome annotation and the reconstruction of metabolic networks. Biochemical pathways in-ferred from genome annotations predict the abil-ities, or lack thereof, to metabolize certain com-pounds, or the resistance or susceptibility to cer-tain substances. These hypotheses can be tested using the OmniLog® instrument. Genome anno-tation and pathway reconstruction can thus be iteratively improved. Projects such as the EU-








ALFALFA: a Novel Algorithm for Long Frag-
ment Mapping and Alignment 
Michael Vyverman, Bernard De Baets, Veerle Fack and 
Peter Dawyndt 
Ghent University, Ghent, Belgium 
Keywords: read mapping, sequence alignment, long 
reads, sparse suffix arrays 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract Mapping and alignment of sequencing reads against reference sequences is a crucial step in many genome analysis pipelines. Due to the con-tinuous growth in sequencing data, the develop-ment of fast and accurate read mapping algo-rithms with a limited memory footprint has re-ceived much attention in recent years. However, most algorithms focus on short reads and are not well equipped for the longer reads produced by a growing number of sequencing platforms. With the advent of third generation sequencing featur-ing ever longer reads, there is definitely a need for faster, memory-friendlier and more accurate long read mapping tools. We developed ALFALFA, a new Algorithm for Long Fragment Alignment. ALFALFA presents a novel combination of tested algorithmic tech-niques and heuristical filtering techniques. It is based on the classical seed-and-extend approach and utilizes sparse enhanced suffix arrays to com-pute its seeds. Sparse suffix arrays have similar time-memory trade-offs as their widely used compressed counterparts, but are much faster when memory is abundant and also benefit from improved cache effects when memory is scarce. ALFALFA has been compared against other long read mappers, including Bowtie2 and BWA-SW on the independent Rabema benchmark, using both real and simulated data. The results show practi-cal speed-memory-accuracy trade-offs for all 




GSC-Compliance at NCBI 
Anjanette Johnston, John Anderson, Tanya Barrett and 
Ilene Mizrachi 
NCBI, National Institutes of Health, Bethesda, Mary-
land, USA 
Keywords: BioProject, BioSample, metadata, GSC-
compliance, NCBI 
Session: Development of Resources, Tools or Data-
bases Related to the GSC Mission, Implementing 
Standards in Genomic and Metagenomic Research 
Projects 
Abstract Submitting contextual metadata along with se-quence data to NCBI’s Primary Data Archives is important for providing users with a complete understanding of the source of the biological data. We worked with the GSC to promote the inclusion of descriptive metadata within sequence submis-sions to GenBank in a tabular structured com-ment. GSC-compliant metadata was validated in submission tools and flagged with a GSC-specific keyword. This information is now captured in two databases designed specifically to house contextu-al metadata, BioProject for project-specific infor-mation, and BioSample for sample-specific attrib-utes. BioProject is a resource that aggregates linkages to various components of a research project. Col-lections of projects exist that include links to re-trieve and browse information related to a specific initiative. These links can be based on funding source, overall goal, organism type. etc., and can support multiple relationships between related or 
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ENVIRONMENTS: identification of environ-
ment descriptive terms in text 
Evangelos Pafilis1*, Sune Frankild2, Lucia Fanini1, Sarah 
Faulwetter1, Christina Pavloudi1, Katerina Vasileiadou1, 
Christos Arvanitidis1, Lars Juhl Jensen2* 
1Institute of Marine Biology, Biotechnology and Aqua-
culture (IMBBC), Hellenic Centre for Marine Research, 
Crete, Greece 
2Disease Systems Biology, Novo Nordisk Foundation for 
Protein, University of Copenhagen, Copenhagen, Den-
mark 
*Correspondence to: Evangelos Pafilis (pafilis@hcmr.gr), 
Lars Juhl Jensen (lars.juhl.jensen@cpr.ku.dk
Abstract 
) 
ENVIRONMENTS is an open source, dictionary-based, named entity recognition tool supporting such term identification. Summary Community Standards promote data exchange and facilitate large-scale integrative biological analy-sis. While structured information available in bio-logical databases can be used to this end, the dis-covery potential increases once input based on the knowledge existing in the scientific literature is considered. The identification of environment descriptive terms, such as “terrestrial”, “aquatic”, “lagoon”, “coral reef”, in text is a prerequisite for mining crucial environmental context information. ENVIRONMENTS is an open source, dictionary-based, named entity recognition tool supporting such term identification. The Environment Ontol-ogy's (EnvO, http://environmentontology.org) controlled and structured vocabulary for biomes, environmental features, and environmental mate-rials, serves as the source of names and synonyms for such identification process. Built on the software infrastructure of tools char-acterized, among others, by fast performance (Pafilis et al. [10]) ENVIRONMENTS is capable of addressing the challenge posed by the ever in-creasing biomedical, ecology and biodiversity lit-erature. Orthographic dictionary expansion and flexible matching are improving the matches between EnvO terms as they exist in the ontology and the way they may be written in text. An extensively manually curated stopword list is safe-guarding against increased false positives. Applying ENVIRONMENTS to biomedical, ecology and biodiversity related literature can be em-ployed to characterize biological entities such as genetic sequences (on-going work in collaboration with Dr. C. Quince, Dr. U. Ijaz et al. in the context of http://www.cost.eu/domains_actions/essem/Actions/ES1103) and species. EP and LF have received funding from the Euro-pean Union’s Seventh Framework Programme 
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The Metagenomics Resource at the European 
Bioinformatics Institute 
Hubert Denise, Peter Sterk, Matt Corbett, Matthew Fra-
ser, Craig McAnulla, Alex Mitchell, Gift Nuka, 
Sebastien Pesseat, Maxim Scheremetjew and Sarah 
Hunter 
European Bioinformatics Institute, Wellcome Trust Ge-
nome Campus, Hinxton, Cambridgeshire, UK 
Keywords: EBI, SRA, MGPortal, GSC, standards, 
metagenomics, analysis, InterPro 
Program Session: Development of Resources, Tools or 
Databases Related to the GSC Mission, Implementing 
Standards in Genomic and Metagenomic Research 
Projects 
Abstract The EBI Metagenomics resource is a single access point to submit, analyze, visualize and retrieve metagenomics and metatranscriptomics datasets. EBI Metagenomics allows users to search and ac-cess public metagenomic or metatranscriptomic samples by accession number or via plain text search. They can then visualize and download analysis results or download the raw data from the Sequence Read Archive (SRA) on the European Nucleotide Archive (ENA) website. Experimentalists can upload their own data for archiving in the Sequence Read Archive (SRA) us-ing a web-based data submission system – SRA Webin. Archiving data in this way is frequently a requirement for journal publication. The submis-sion and archiving process requires a simple reg-istration step, and allows users to keep their data confidential prior to publication. 
Metadata are important to accurately describe the samples and the experiments performed. In order to encourage the submission of this essential con-textual data, study-type-specific checklists that comply with Genomic Standards Consortium (GSC; http://gensc.org) guidelines have been imple-mented in the SRA Webin submission tool. After submission of the data to SRA, the EBI Metagenomics resource generates a functional profile for each sample using InterPro to analyze the predicted protein coding sequences. The ap-proach here is to use computational models (pro-tein signatures) in databases such as Pfam, PROSITE, PRINTS, CATH-Gene3D and TIGRFAMs to identify protein families, domains and function-ally important sites within protein sequence fragments. We are introducing a taxonomic diver-sity analysis of both amplicon and whole genome shotgun data using adaptations of pipelines from the Qiime package (http://qiime.org). In the near future we hope to improve the searchability of standards-compliant metadata to facilitate reuse and reinterpretation of metagenomic data. 
 [No photo] 
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Correspondence: George Garrity (garrity@msu.edu) 
A MIxS and DwC compliant biodiversity Reference 
Data Model to support the community in implement-
ing the database layer 
Abstract The main goal is to bring macroscale, microscale, and physical, morphological and sequence-based biodiversity observation together under one con-cept, by building a MIxS/DwC and Open Geospatial Consortium standards compliant Reference Data Model for storing geo-referenced genome and metagenome sequences and associated contextual metadata, as well as traditional biodiversity ob-servational data, which presents the harmoniza-tion of the genomic and biodiversity standards. 
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Based on this Reference Data Model, one or more reference implementations will be created includ-ing physical data models for Oracle and PostgreSQL. This allows the community members easily to create consistent, interoperable local ap-plications for their own purposes. Moreover, given the size, heterogeneity, and complexity of se-quence and biodiversity data, the Reference Data Model will allow a precise discussion among de-velopers about the best implementation possible for a given database management system. The Reference Data Model also serves as basis for data transport, and ways of exchanging data. A RESTful Web API specification will be developed for web services, which will focus on specifying HTTP methods and resource oriented URLs for data re-quests and corresponding responses. The responses will be defined for different data formats and ensure consistency and full coverage of the DwC and MIxS standards. Furthermore, tools for data import/export will be developed, particularly focused on adaptors for data trans-formations between the reference implementa-tions and common data exchange formats, such as Genomic Contextual Data Markup Language (GCDML), Comma Separated Value (CSV), and Re-source Description Framework (RDF). With the GCDML already in hand, the reference implemen-tation would use GCDML first as the data format for the API response definition. However, to fulfill users’ needs for getting data in different formats, we will develop both logical descriptions and technical tools to support several automated transformations from GCDML to other formats. A first priority is RDF, which is particularly im-portant for integrating with DwC. Also simple formats like CSV require support, given the ubiq-uity with which they are used in practice. To this end, we will create application-agnostic specifications and documentations with examples of use for developers of specific applications, which will enhance understanding and communi-cation of the standardized infrastructure and en-sure consistency of standards-compliant data. It will also minimize the chance of multiple cycles of re-approximating needs and, while minimizing conflicting versions, allow better reuse of commu-nity tools. In addition, data sharing will be easier and could be accomplished in a loss-free manner, with higher performance and lower costs, because the need for complex model transformations would be minimized. Finally, it will allow users, 




The ISA Commons: curate, visualize, analyze, 
share and publish 
Philippe Rocca-Serra, Eamonn Maguire, Alejandra 
Gonzalez-Beltran and Susanna-Assunta Sansone 
University of Oxford e-Research Centre, Oxford, UK; 
Correspondence: isatools@googlegroups.com 
Abstract We describe the work of a global network of like-minded communities, using the Investigation / Study / Assay (ISA) open source metadata track-ing framework to facilitate standards-compliant 
collection, curation, visualization, management, 
sharing, publication and reuse of datasets in an increasingly diverse set of life science domains, including metabolomics, (meta)genomics, prote-omics, system biology, environmental health, en-vironmental genomics and stem cell discovery. We also illustrate our next steps to improve manage-ment of bioscience data in the cloud; use of se-mantic web approaches to make existing knowledge available for linking, querying, and reasoning; link to existing open source analysis tools; new model in scientific publishing. The vi-sion of the ISA framework is to support the gradu-
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al progression from unstructured, usually non-digital, experimental descriptions to structured information that - when shared - is comprehensi-ble, reproducible and reusable. Rationale A growing worldwide movement for reproducible research encourages making data, along with the experimental details available in a standardized manner. Also several data management, sharing policies and plans have emerged in response to increased funding for high-throughput approaches in genomics and functional genomics science [11]. In parallel, a growing number of community-based groups are developing hundreds of stand-ards (minimal reporting requirements, terminolo-gies and exchange formats) to harmonize the re-porting of different experiments, so that these can be comprehensible and, in principle, reproduced, compared and integrated [12]. But data annota-tion is a time-consuming task. User-friendly, open source tools are needed to (i) empower research-ers or curators (supporting them) to use relevant community standards when collecting and de-scribing the experimental information, (ii) store, query, integrate the experiments and submit them to public repositories, where relevant, (iii) sup-port reasoning on and analysis of the data, and also (iv) publish it. A global network of like-minded communities At the heart of the ISA Commons [13] there is the general-purpose ISA-Tab file format [14], built on the ‘Investigation’ (the project context), ‘Study’ (a unit of research) and ‘Assay’ (analytical measure-ment) metadata categories. The extensible, hierar-chical structure of this format enables the repre-sentation of studies employing one or a combina-tion of assays and technologies, focusing on the description of its experimental metadata (i.e. sample characteristics, technology and measure-ment types, sample-to-data relationships), using relevant community-standards. The ISA software suite [14,15]- the second element of this frame-work – acts to create and edit ISA-Tab files, store, serve and convert them to a growing number of related formats. The ISA Commons’ community is delivering a growing ecosystem of public and internal re-sources (that use the ISA-Tab file format, and/or is powered by one or more component of the ISA software suite) ranging from international public 
repositories [16], institutional repositories [17] to 
funded research consortia [18] and data journals 




The Global Genome Biodiversity Network 
(GGBN) and the Global Genome Initiative 
(GGI): Building the Infrastructure for the fu-
ture of Genomics 
K. Barker1, S. Brady1;J. Coddington1, G. Droege2, C. 
Meyer1 
1Smithsonian Institution National Museum of Natural 
History, Washington, DC, USA 
2Botanic Garden and Botanical Museum Berlin-Dahlem, 
Berlin, Germany 
Abstract Biodiversity science is increasingly focused on studying taxonomic groups at the genomic level, as shown by the Genome10k, I5k, and 1Kite pro-jects. Access to genomic specimens becomes espe-cially important, as progress in DNA-based tech-nologies continues to speed up research on the genetic diversity of life forms. Nevertheless, the scientific community still lacks routine, standard knowledge of, and access to, publically available collections of genome quality material, compara-ble to phenotypic collections as stored in natural history museums over the last several hundred years. The Global Genome Initiative aims to fill the gaps in existing collections through collaborative collecting that respects access and benefit sharing (ABS), and to foster the creation of public biorepositories that publish their holdings through one virtual, global, biorepository portal (the Global Genome Biodiversity Network). Cru-cial to the latter is one international metadata 
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Encyclopedia of Life: Applying concepts from 
Amazon.com and LEGO to biodiversity in-
formatics 
Cynthia Parr 
Smithsonian Institution, Washington DC, USA 
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Program session: Development of Resources, Tools or 
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Abstract After more than five years building its initial infra-structure for aggregating descriptive information on all living biodiversity, the Encyclopedia of Life (EOL, http://www.eol.org) is undergoing a major transformation in order to better serve scientific discovery. We will present preliminary results from three linked data pilot studies, we will outline a va-riety of new studies that will use various standard vocabularies and methods for mining EOL for structured data, and we will introduce EOL's meth-ods for harvesting and managing structured data, such as trait data, for biodiversity scientists. These efforts are important for increased interoperability of biodiversity and genomic datasets. Several pilot studies are underway using EOL taxon identifiers and other methods of linking data across domains. Pete Devries and Anne Thessen are min-ing EOL text data for species names in order to ex-
tract potential species associations. The data will be semantically annotated using DBPedia Spotlight, and thus connected to the rest of the Linked Open Data cloud. Rod Page and Ryan Schenk are building BioNames, which links EOL pages, literature from Biodiversity Heritage Library and elsewhere, and phylogenies from PhyLoTA. Finally, a group of zooarchaeologists is linking fossil specimens using EOL identifiers so that they can trace the history of animal domestication in the near East. Approximately seven newly-funded projects under the Rubenstein program will use a variety of API calls, text mining, and crowdsourcing methods to extract, link, and visualize a variety of numeric and controlled vocabulary values from EOL pages in order to answer large-scale questions in ecology, evolution, and conservation biology. Together with a Sloan-funded effort to support ma-rine biodiversity use cases, these projects are all helping to refine requirements for how Encyclope-dia of Life can manage and serve to users useful data for scientific analyses. We are building a gen-eralized, flexible, scalable system that weds the current taxonomic and coarse-grained subject in-frastructure (based largely on Darwin Core and the TDWG Species Profile Model) to the more detailed data standards used by other databases. The idea is to foster high-level integration and querying along with preservation of low-level semantics. One could search for all data relevant to physical description, for all data using a particular EnvO term, or for all data available for a collection of taxa whether on EOL or in an external database like GenBank or GBIF. EOL will perform taxonomic name resolution and serve the requested data along with specific term identifiers (e.g. URIs), source attributions, and curation status. Third-party developers will be en-couraged to develop tools for extracting new data, for integrating with other databases, and for find-ing pattern and meaning in the overall data sets. As hundreds of providers to the Encyclopedia of Life converge on standards for describing species and linking these species to information in related resources, we will enable large-scale discovery and retrieval for cross-domain projects. The general approach can be compared to the Amazon.com and LEGO models, where a general standard enables a thriving marketplace connecting data consumers with a wide variety of possible providers who have building blocks for biodiversity studies. 
GSC 15 




Standards for Pan-Genome Data Repositories 
G. Sutton 
J. Craig Venter Institute 
Keywords: pan-genome, standards, databases 
Program session: Implementing Standards in Genomic 
and Metagenomic Research Projects 




The Human Microbiome Project Metadata 
Catalog HH Creasy Institute for Genome Sciences, Baltimore, MD, USA Keywords: human microbiome, metagenomics, genomic metadata Program session: Development of Resources, Tools or Databases Related to the GSC Mission 
Abstract The NIH Human Microbiome Project Data Analysis and Coordination Center (HMP DACC) provides an infrastructure to enable the scientific community to access, analyze and interpret human microbiome data, with the ultimate goal of ad-vancing our understanding of human health. The HMP DACC website, available at hmpdacc.org, provides background details on various aspects of the project, as well as terabytes of HMP reference genome, metagenomic 16S and wgs data. The DACC works closely with the Genomes Online Da-tabase (GOLD) and the GSC to provide MIxS-compliant genomic and metagenomic metadata via the HMP Project Catalog. Efforts are underway to release compliant metadata through NCBI BioSample. This is being accomplished through data download and manual retrieval, parsing, and manual curation. Here we will discuss our achievements in curating HMP metadata, as well as informing users as to how they can attain all of this critically important data. 
 
 





The Genomes OnLine Database (GOLD) v.5: 
status of genomic and metagenomic projects 
and their associated metadata. 
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The VIROME Compare-inator: a web tool for 
exploring the diversity of viral communities 
K. Eric Wommack, Dan Nasko, Jaysheel Bhavsar and 
Shawn Polson 
University of Delaware, Baltimore, MD, USA 
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Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract Cataloging and censusing populations within communities of organisms is fundamental to many ecological investigations. For cellular microorgan-isms, polymorphism within the universally-shared small subunit rRNA gene has become a central component of ecological studies. For viruses no universal marker gene exists; thus, researchers have turned to shotgun metagenomic approaches as a means of cataloguing and censusing viral populations. We have developed the Viral Infor-matics Resource for Metagenome Exploration (VIROME), a bioinformatics pipeline and web-application dedicated to the analysis and visuali-zation of shotgun viral metagenome sequence da-ta. In the VIROME pipeline, genetic features within metagenome libraries are characterized through a comprehensive BLAST analysis against the UniRef100 (UR100) database and MetaGenomes On-Line (MGOL), a custom annotated database of environmental peptides. Hits to UR100 peptides are cross-referenced with six other annotated da-tabases to provide detailed characterization of the frequency of gene functions and taxa within a viral community. Through hits to MGOL peptides, viral metagenome libraries are characterized according to the environmental distribution of BLAST homo-logs. These results provide researchers with a rich collection of annotations and metadata for build-ing matrices of functional, taxonomic, and envi-ronmental observations that characterize autoch-thonous viral communities within environmental samples. We have developed a tool called the 
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Compare-inator that builds observation matrices from BLAST data against functional databases (SEED, KEGG, COG, ACLAME, GO), the NCBI taxon-omy database, and MGOL environmental annota-tions to enable quantitative comparative analyses of viral communities. The Compare-inator exports frequency observation data in both tab-delimited and the biological observation matrix format (BIOM), as well as a comprehensive metadata file for libraries in the matrix. The BIOM and metadata file is suitable for import into the Quantitative In-sights in Microbial Ecology (QIIME) analysis pack-age, providing a straightforward path for compar-ative analysis of viral communities. In this presen-tation we demonstrate use of the Compare-inator for time series analysis of dynamic changes in vi-ral communities. 
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NCBO Technology- Powering Semantically 
Aware Applications to enable Standards 
Driven Research 
Patricia L. Whetzel and NCBO team 
Stanford Center for Biomedical Informatics Research, 
Stanford University, Stanford, CA, USA 
Abstract Researchers have turned to ontologies and Se-mantic Web technologies to annotate and inte-grate disparate knowledge. The use of ontologies in standard reporting guidelines is critical to pro-vide a common language for researchers to de-scribe biomedical investigations and to drive the-se processes. The successful creation of standards-based semantic applications in the life sciences requires Web services that provide access to on-tologies. The National Center for Biomedical On-tology (NCBO), a National Center for Biomedical Computing created under the NIH Roadmap, de-veloped BioPortal, which provides access to the largest repository of biomedical ontologies availa-ble online (http://bioportal.bioontology.org). The ontology content in BioPortal is programmatically 
accessible through a standard interface via the NCBO’s Web services. These Web services enable the development of semantically aware applica-tions for data annotation, data integration, and natural language processing. The NCBO Web ser-vices can be grouped into four categories: Ontolo-




Assessing patterns of CRISPR spacer composition 
using the CASC discovery and validation tool 
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Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract Although increasingly detailed information on the mechanistic basis of CRIPSR immunity has been uncovered, the impact of CRISPRs on natural viral 
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The blessing and the curse: handshaking be-
tween general and specialist data repositories 
Hilmar Lapp and Todd Vision 
National Evolutionary Synthesis Center (NESCent), 
Durham, NC, USA 
University of North Carolina, Chapel Hill, NC, USA 
Keywords: data sharing ecosystem, metadata stand-
ards, metadata exchange, repository interoperability 
Program session: Implementing Standards in Genomic 
and Metagenomic Research Projects 
Abstract The growing number of both general and special-ist data repositories and the advent of a multitude of discipline-specific metadata standards hold out the promise of a diverse interoperable ecosystem of reusable research data curated to community standards. At the same time, they pose the risk of a fragmented ecosystem that is confusing to users and that does not fully reward the investment of the research community. For researchers, increas-ingly often some combination of repositories ex-ists for all the kinds of data they are expected to archive from a study; however, identifying the ap-propriate combination of general and specialist repositories can be bewildering, and the burden of provisioning (sometimes redundant) metadata to specialist repositories can hinder uptake. General repositories are challenged to incentivize provi-sion of adequate discipline-specific metadata, while non-mandated specialist repositories are challenged to incentivize deposit at all. Both kinds of repositories are challenged to maintain linkages to related research products hosted externally (e.g. literature, software, and other data). We consider ways to enjoy the blessings of this complex ecosystem while warding off its curses. In metagenomics, almost all journals mandate se-quence data deposition in an INSDC database. In some cases, these databases also take sample and study metadata and short-read sequences. Spe-cialist metagenomics repositories with tailored querying, analysis, and visualization features exist, too, but operate more or less independently. 
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Development of an ontology for the INSDC 
Feature Table Definition 
Takatomo Fujisawa1, Toshiaki Katayama2, Shinobu 
Okamoto2, Hiroshi Mori3, Yasunori Yamamoto2 and 
Yasukazu Nakamur1 
1National Institute of Genetics, Research Organization 
of Information and Systems, Mishima, Japan 
2Database Center for Life Science, Research Organiza-
tion of Information and Systems, Tokyo, Japan 
3Graduate School of Bioscience and Biotechnology, 
Tokyo Institute of Technology, Tokyo, Japan 
Keywords: semantic web, RDF, genome ontology, 
INSDC, DDBJ 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract Semantic Web technology makes it possible to im-prove data integration and retrieval more effi-cient. Since 2006, the Semantic Web technology is introduced in the UniProt protein knowledge base and has been used in the operation and manage-ment of the database. In Japan, we are promoting the integration of databases using Semantic Web technology in DDBJ, DBCLS and NBDC. 
During the NBDC/DBCLS international BioHackathon 2012 held in Japan, developers of life science databases and applications discussed and agreed on to develop new ontology for de-scribing locations of the objects on a sequence. As a result, the Feature Annotation Location Descrip-tion Ontology (FALDO) was proposed and we con-verted the locations and positions of all annota-tions stored in our triple store to comply with this new standard. Also, in domestic BioHackathon BH12.12, we have built the working-draft for an ontology of the DDBJ/EMBL/GenBank Feature Table Definition, which is the common annotation document revised by the INSDC once a year. We aim to build an ontology for standardized, system-atic description of the INSDC sequence entry which includes the information of submitters, ref-erences, source organisms, and the biological fea-ture annotations. 
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Sequencing and analysis standards for microbial 
forensics 
Adam M. Phillippy 
National Bioforensic Analysis Center, National Biode-
fense Analysis and Countermeasures Center, Frederick, 
MD, USA 
Correspondence: phillippya@nbacc.net 
Abstract Microbial forensics entails the characterization and comparison of microbial samples in support of criminal investigations. The 2001 anthrax letter attacks pushed the field towards whole-genome sequencing as the preferred method for microbial typing due to its unparalleled resolution and accu-racy in analyzing DNA polymorphisms. In addi-tion, high-throughput sequencing has enabled new metagenomic approaches to forensics and pathogen detection. There is substantial overlap between these forensic methods and those uti-lized by the microbial epidemiology, ecology, and evolution research communities; however, foren-sics demands a much higher degree of certainty and standardization. This has necessitated the val-idation and standardization of routine genomics approaches such as whole-genome sequencing and metagenomics. 
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Earth Sampling App for Ocean Sampling Day 
Renzo Kottmann1, Julia Schnetzer1,2, Aleksandar Pop 
Ristov3, Frank Oliver Glöckner1,2 
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bial Genomics and Bioinformatics Research Group, 
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2Jacobs University Bremen, School of Engineering and 
Sciences, Campusring 1, 28759 Bremen, Germany 
3 InterWorks, Bitola, Republic of Macedonia 
Abstract More than two thirds of the contextual data re-quired by the Minimum Information about any Sequence (MIxS) standard can already be ob-tained while sampling on site. The Earth Sampling App is a mobile application which records sam-pling data at time of collection in the field. This application is specifically tailored for the needs of the Ocean Sampling Day. The aim is to support scientists and citizens in optimal gathering of GSC compliance data, already at the beginning of a complex experimental workflow. Moreover, to 




Pan-genome: a new paradigm in microbiology 
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3Technical University of Denmark 
Keywords: microbial genome, pan-genome, compara-
tive genomics 
Program session: Implementing Standards in Genomic 
and Metagenomic Research Projects 
Abstract After the first complete genome of a free-living or-ganism, Haemophilus influenzae, was sequenced in 1995 [PMID 7542800 ], whole-genome sequencing became a standard method for the study of the bio-logical processes in living forms. At the beginning of the genomic era, it was thought that a single rep-resentative isolate was sufficient to describe the genetic complexity of a species, and the use of ‘comparative genomics’ was restricted to investi-gating the diversity among different yet closely re-lated bacteria. More recently, multiple isolates of the same species have been sequenced and ana-lyzed. It is now known that intra species variation can be as significant as interspecies diversity. Bac-terial genomes from various strains of the same species can vary considerably in genome size, nu-cleotide composition and gene content. It has be-come clear that, bacterial species cannot be  
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represented by an individual reference strain or a set of reference genomes. The ‘pan-genome’ con-cept has been introduced by Tettelin et al in 2005 [reference PMID 16172379]. The pPan-genome has been defined as a super-set of all genes in all the strains of a species. A pPan-genome includes the "core genes" that are present in nearly all strains, "accessory genes" present in two or more strains, and finally "unique genes" specific to single strains. A shift in the paradigm from individual genome to ‘pan-genome’ has occurred in the past few years, with the rapid advances in the sequencing technol-ogy. The main approach in pan-genome studies is a comparative analysis of multiple strains from a sin-gle species, although one can also describe pan-genomes for different taxonomy levels – for exam-ple, a phylum or genus pan-genome, or sometimes even a subspecies pan-genome (as in the case of E. coli O157:H7, with 34 genomes sequenced so far). Alternative approaches include the use of rapidly growing meta-genomic sequence data and single-cell genome sequencing. The pan-genome concept is already changing the way we understand bacte-rial evolution, adaptation, and population structure, and has further important implications in identifi-cation of virulence genes. But the data model for a pan-genome concept is yet to be determined and the standards for the data and metadata data for-mats are yet to be defined. 
 
Judith A. Blake 
GSC15p29 
Gene Ontology: Functional anotation fo 
cmparative gnomics 
Judith A.Blake and Suzanna Lewis 
The Jackson Laboratory, Bar Harbor, ME, USA 
The Lawrence Berkeley National Laboratory, Berkeley, 
CA, USA 
Abstract The Gene Ontology (GO) provides the community standard for knowledge representation of function-al information about proteins in both cellular and viral systems. The domain specific ontologies pro-vided by the GO Consortium are the most widely used structured controlled vocabulary for repre-senting and accessing knowledge about proteins. Since the first use of the Gene Ontology in 1999 for functional annotations of the newly sequenced ge-nomes of the major model organisms yeast (Saccha-
romyces cerevisiae), fruitfly (Drosophila melano-
gaster) and laboratory mouse (Mus musculus), the GO system has been used to provide authoritative information from biomedical literature about the functioning of over 350,000 proteins from a wide-range of species. Through comparative genomics approaches, these core annotations permit con-trolled inference of functional information for near-ly 350,000 species and over 96 million gene prod-ucts. The GO curation effort continues to develop and mature both in ability to mine biomedical liter-ature for key annotations for proteins under exper-imental investigation, and in the ability to provide high-quality and controlled annotations for all other proteins. Key to the successes of the GO effort are the contri-butions from the global community of developers and curators of genome databases and repositories as well as from bioinformaticians and research groups that contribute their domain expertise to ensure the completeness and quality of the knowledge representations. The GO Consortium brings together ontology developers and annotation teams virtually and physically at regular and ad hoc meetings to improve the ontology structures and to expand curation in selected areas such as apoptosis or cardiac conduction. Recently improvements in GO include incorporation of additional relations and structures to increase expressivity including when and where proteins are active. We have developed a phylogenetic approach to propagating experimentally-based annotations via comparative analysis. Going forward, we are working with the model organisms database com-munity to provide a common annotation tool. We will present an overview of GO program and progress. We will discuss how the GO community has developed a system that provides standards for knowledge representation that have been adopted and incorporated in major genomics and bioinfor-matics resources. 





A new version of human gut microbial gene 
catalog integrating with 3 continent popula-
tions and human gut-related bacterial ge-
nomes. 
Junhua Li1, Shinichi Sunagawa2, Xianghang Cai1 and 
Huanzi Zhong1 
1BGI Research, Szhenjeng, China 
2EMBL, Heidelberg, Germany 
Keywords: human gut microbiome, gene catalog, 
metagenomic sequencing, reference dataset, update 
and improvement 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract With the development of culture-dependent and culture-independent technology, much more hu-man gut microbiome communities from distinct populations and isolated bacterial genomes have been exposed. Recent studies showed that the di-versity of human gut microbiota is beyond our previous estimation, which means that we still need more investigation among wide scale popu-lation(Huttenhower et al., 2012a; Lozupone, Stombaugh, Gordon, Jansson, & Knight, 2012; Yatsunenko et al., 2012). Additionally, human gut microbe related disease association study or other comparison study require an integrated and as complete as possible gene catalog as reference. Hence, we extended the human gut microbial gene catalog published by MetaHIT project(Qin & Li, 2010) from 124 to 760 Europeans. Further, we gathered stool sample metagenomic sequencing data from two recently published human gut microbiome studies, which are 139 American samples from HMP (Methé et al., 2012)and 368 Chinese samples from a Chinese T2D study(Qin et al., 2012). To capture the human gut inhabit but rare (low abundance) bacteria as much as possi-ble, genes from sequenced bacterial genome were useful and necessary to be included. In order to 
accurately define human gut-related bacteria, we took three aspects of bacteria into consideration, and selected 511 human gut-related bacteria ge-nomes from about 3500 published bacteria ge-nomes data set. In general, we processed totally about 6.4Tb metagenomic sequencing data from 1,267 indi-viduals with standardized pipeline MOCAT(Kultima et al., 2012) to establish gene catalog for each population, and integrated them with genes from 511 human gut-related bacteria. Finally, an integrated and the most comprehensive by far human gut microbiome reference gene cata-log was established, containing nearly 10 million prevalent genes with average length of 753bp. To access the improvement of our new integrated gene catalog constructed by larger scale samples, distinct populations, we compared it with previ-ous published catalogs(Qin & Li, 2010) on gene sequences, functional pathway integrity and spe-cies integrity level. Rarefaction curve analysis showed that saturation is very close, and the ratio of completeness estimated by Chao2 and ICE was 94.5% and 95.35% respectively. Comparison on the gene content, the integrated gene catalog cov-ered 87.8% gene content of previous one with 24.3% genes of itself, which meant 75.6% genes in new catalog are novel. At the advantage of plenty novel genes found, the amount of reads which could be represented by catalog was improved by 10% on average. Functional comparison results suggested that the pathway integrity was modest-ly improved, and it is consist with previous study showed the stability of functional composition of gut microbiome(Huttenhower et al., 2012b). How-ever, obvious improvement on species genome coverage was noticed even though we only con-sidered the gene catalog from 3 metagenomic se-quencing cohorts (3CGC), which was without complement of sequenced bacterial genome. In terms of 987 species/strains genome of which were covered by more than 10% by any catalog, 723 of them were increased by 10.0%-80.4%, 35.0% on average, especially in Enterococcus, 
Bifidobacterium, Lactobacillus, Streptococcus and 
Enterobacteriaceae. To summarize, the integrated gene catalog, com-pared with previous published one, has achieved outstanding improvement, and could sever as a much better reference for following human gut microbiome researches. 
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Using Data Standards in KBase: The DOE 
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Rick Stevens4, Thomas Brettin4, Dylan Chivian1, 
Paramvir Dehal1, Christopher Henr4, Folker Meyer4, 
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Davison2 and Elizabeth M. Glass4 
1Lawrence Berkeley National Laboratory, Berkeley, 
CA, USA 
2Oak Ridge National Laboratory, Oak Ridge, TN, USA 
3Brookhaven National Laboratory, Upton, NY, USA 
4Argonne National Laboratory, Argonne, IL, USA 
5Cold Spring Harbor Laboratory, Cold Spring Harbor, 
NY, USA 
Keywords: Systems biology, Knowledgebase, Data in-
tegration, Data exchange 
Program session: Implementing Standards in Genomic 
and Metagenomic Research Projects 
Abstract KBase is a collaborative effort designed to acceler-ate our understanding of microbes, microbial communities, and plants. It will be a community-driven, extensible and scalable open-source soft-ware framework and application system. Our im-mediate 18-month goal is to have a beta-version completed by February 2013. The KBase microbial science domain will enable the reconciliation of metabolic models with exper-imental data with the ultimate aim of manipulat-ing microbial function for applications in energy production and remediation The plants science domain will initially target linking genetic varia-tion, phenotypes, molecular profiles, and molecu-lar networks, enabling model-driven phenotype predictions. We will also map plant variability on-to metabolic models to create model-driven pre-dictions of phenotypic traits. Our microbial com-munities team will build the computational infra-structure to research community behavior and build predictive models of community roles in the 




Meta Data Standards for the Built Environment - 
MIxS-BE 
Elizabeth M. Glass1, Yekaterina Dribinsky1, Pelin Yilmaz2, 
Hal Levin3, Robert Van Pelt4, Doug Wendel5, Andreas 
Wilke1, Jonathan Eisen6, Sue Huse7, Anna Shipanova7, 
Mitch Sogin7, Jason Stajich8, Rob Knight5, Folker Meyer1 
and Lynn Schriml9 
1Argonne National Laboratory, Argonne, IL, USA 
2Max Planck Institute for Marine Microbiology, Bremen, 
Germany 
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4Private Practicing Architect, Boulder, CO, USA 
5University of Colorado, Boulder, CO, USA 
6University of California Davis, Davis, California, USA 
7Marine Biological Laboratory, Woods Hole, MA, USA 
8University of California, Riverside, Riverside, CA, USA 
9University of Maryland School of Medicine, MD, USA 
Keywords: Built Environment, Meta data package, Micro-
bial communities, Indoor 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract The composition of indoor microbial communities has the potential to profoundly affect human health. A number of factors within a building or room can alter the microbial abundance and diversity, such as 
Schriml et al. 
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Phylogeny, ecology and biogeography of ma-
rine bacterial and archaeal clades 
Pelin Yilmaz, Renzo Kottmann and Frank Oliver Gloeckner 
Max Planck Institute for Marine Microbiology, Bremen, 
Germany 
Keywords: MIxS, metadata, marine, metagenome 
Program session: Implementing Standards in Genomic and 
Metagenomic Research Projects 
Abstract In this study, we investigated the phylogeny and taxonomy of mostly uncultivated (meaning no or very few cultured relatives) marine bacterial and 
archaeal clades on a global scale, in the form of a meta-analysis. Known marine bacterial and archaeal clades (e.g. SAR11, SAR86, Gammaproteobacterial OMG clades), which are al-ready annotated on the SILVA SSU rRNA reference tree (Quast et al. 2012), were connected to their original publications, and these sequences were subjected to phylogenetic reconstruction methods in order to determine their exact phylogenet-ic/taxonomic affiliations. Additionally, these "pub-lished" marine clades, which are limited to 20-30 groups, were extended by text mining methods to determine groups that are of solely (or mostly) of marine origin, again using the SILVA rRNA data-bases. In the second part of this work, we used these ma-rine clades sequence dataset in a large scale meta-analysis of all available metagenome and amplicon (16S variable regions). The datasets chosen for this analysis were based on MixS metadata supplied. The results of this analysis were used in an effort to gain insights into the global distribution of various marine clades, their ecology, biogeography, and interaction with oceanographic variables, with an ultimate aim of creating a "field guide" of our knowledge of uncultured marine bacterial and archaeal clades. 
 
George M. Garrity 
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Standards In Genomic Sciences – An Open 
Access Journal of the Genomic Standards 
Consortium 
George M Garrity and Oranmiyan Nelson 
Michigan State University, East Lansing, MI, USA 
Keywords: Open Access Publishing, Genome Sequence 
Announcement, Genomic Standards, Core Project 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
GSC 15 
154 Standards in Genomic Sciences 




Standards in the INSDC 
Ilene Mizrachi 
National Center for Biotechnology Information, U.S. 
National Library of Medicine, Bethesda MD, USA 
Abstract The INSDC is committed to archiving and distrib-uting high quality sequences and annotation along 
with rich metadata to describe the project and biological sample. BioProject and BioSample data-bases have been developed to facilitate the cap-ture of structured metadata for diverse biological research projects and samples represented in NCBI’s archival databases. NCBI and its INSDC partners promote the use of standards for describ-ing samples, experimental methodology and anno-tation. The adoption of common standards by the databases and scientific community will simplify the exchange of knowledge between different re-sources and improve the utility of the data for making scientific discoveries. Through a newly developed Submission Portal (http://submit.ncbi.nlm.nih.gov) for the deposi-tion of experimental data and associated metada-ta, NCBI can enforce rules to ensure that annota-tion and metadata standards are being met for as a condition of submission. 
Petra ten Hoopen 
GSC15p36 
ENA tools for sample metadata compliance 
Petra ten Hoopen, Blaise Alako, Clara Amid, Lawrence 
Bower, Ana Cerdeño-Tárraga, Iain Cleland, Richard Gib-
son, Neil Goodgame, Mikyung Jang, Simon Kay, Rasko 
Leinonen, Xiu Lin, Arnaud Oisel, Nima Pakseresht, 
Swapna Pallreddy, Sheila Plaister, Rajesh Radhakrishnan, 
Stéphane Rivière, Marc Rossello, Alexander Senf, Nicole 
Silvester, Dmitriy Smirnov, Ana Toribio, Daniel Vaughan, 
Vadim Zalunin and Guy Cochrane 
European Nucleotide Archive, European Molecular Biol-
ogy Laboratory-EBI, Wellcome Trust Genome Campus, 
Hinxton, Cambridgeshire, UK 
Keywords: metadata, standards compliance, ENA, 
INSDC, MIxS, MicroB3 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract Harmonization of (meta)data collection becomes an essential effort in the age when data genera-tion is often easier and more affordable then 
Schriml et al. 
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The Earth Microbiome Project and the im-
portance of data standards in modeling the 
planet’s microbiome 
Jack Gilbert1, Janet Jansson2 and Rob Knight3 
1Argonne National Laboratory, Argonne, IL, USA 
2Lawrence Berkley National Laboratory, Berkeley, CA, 
USA 
3University of Colorado at Boulder, Boulder, CO, USA 
Keywords: Microbiome, Microbiology, Metagenomics, 
EMP, Earth, Modeling 
Program session: Implementing Standards in Genomic 
and Metagenomic Research Projects 
Abstract The understanding of Earth’s climate and ecology requires multi‐scale observations of the bio-sphere, of which microbial life are a major com-ponent. However, to acquire and process physical samples of soil, water and air that comprise the appropriate spatial and temporal resolution to capture the immense variation in microbial dy-namics, would require a herculean effort and im-mense financial resources dwarfing even the most ambitious projects to date. To overcome this hur-dle we created the Earth Microbiome Project, a crowd-sourced effort to acquire physical samples from researchers around the world that are, im-portantly, contextualized with physical, chemical and biological data detailing the environmental properties of that sample in the location and time it was acquired. The EMP leverages these existing efforts to target a systematic analysis of microbial taxonomic and functional dynamics across a vast array of environmental parameter gradients. The EMP uses the MIxS data standards format to cap-ture the environmental gradients, location, time and sampling protocol information about every sample donated by our valued collaborators. Phys-ical samples are then processed using a standard-ized DNA extraction, PCR, and shotgun sequencing 
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The Hospital Microbiome Project –  
understanding microbial transmission and 
ecology in a health care environment 
Jack Gilbert1, Daniel Smith1, Brent Stephens2, Jeffrey 
Siegel3, Hal Levin4, Rob Knight5, Emily Landon6, Ste-
phen Weber6, Sylvia Garcia-Houchins6, Michael 
Morowitz7, John Alverdy6, Jessica Green8, Scott Kelley9 
and Benjamin Kirkup10 
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2Illinois Institute for Technology, Chicago, IL, USA 
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5University of Colorado at Boulder, Boulder, CO, USA 
6University of Chicago Hospital, IL, USA 
7Childrens’ Hospital Pittsburgh, PA, USA 
8University of Oregon, Eugene, OR, USA 
9San Diego State University, San Diego, CA, USA 
10US Army 
Keywords: Hospital, Microbiome, Metagenomics, Se-
quencing, Modeling 
Program session: Implementing Standards in Genomic 
and Metagenomic Research Projects 
Abstract Despite their role in healthcare provision, very little is known about how microbial (e.g. bacteria, Archaea and fungi) organisms are transmitted around the built infrastructure of a hospital (this knowledge limitation also applies to other built environments, but is especially critical in a hospi-tal context). The Hospital Microbiome Project is characterizing the taxonomic composition of sur-face-, air-, water-, and human-associated microbial communities in two hospitals to monitor changes in community structure following the introduction of patients and hospital staff, or major surgical procedures. The goal is to determine the influence of numerous factors on the rate and nature of mi-crobial community succession in these hospitals including: human population demographics, how these demographics interface with a space, and the building materials, environmental conditions, and building operational characteristics used to create and maintain that space. This ongoing initi-ative is taking place in a newly constructed private US hospital in Chicago and a US Army medical cen-ter in Germany. In Chicago, 12,392 samples are being collected using sterile swabs from patients, staff, rooms, common areas, water, and air filters from 52 or 365 time points prior to and following the official opening of the hospital. In Germany, 1600 samples are being collected from surfaces in one military room over 16 time points, with 100 samples collected per time point. Absolute micro-bial abundance (plate counts and qPCR) and build-ing environmental measurements (ventilation rates, temperature, relative humidity, light inten-sity, and human occupancy) are being combined with relative taxonomic and functional gene abundance via amplicon sequencing (16S/18S/ITS) and shotgun metagenomics. Here we will present preliminary data from this initia-tive and describe the role of data standards, espe-cially the Minimal Information about ANY se-quence (MIxS) Built Environment descriptions and the use of the BIOM format for data sharing and exchange, in enabling this massively collabo-rative initiative. 





Reproducible research for data normalization, 
analyses and simulations 
Susan Holmes and Paul J. McMurdie 
Stanford University, Stanford, CA, USA 
Keywords: Reproducible Research, Simulations, Bootstrap, 
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Cataloging genes and pathways in the human 
microbiome 
Nicola Segata1, James Kaminski2 and Curtis Huttenhower2 
1University of Trento 
2Harvard School of Public Health 
Keywords: microbiome, metagenome, metatranscriptomes, 
orthologous groups,pathways 
Program session: Implementing Standards in Genomic and 
Metagenomic Research Projects 
Abstract Several major studies of the human microbiome, including the HMP and MetaHIT, have produced catalogs of microbial gene families accumulated from hundreds of metagenomes. Nearly every ad-ditional metagenomic and metatranscriptomic study also relies on the definition of gene or pro-tein families of interest and their identification from meta'omic reads. Many orthologous family catalogs appropriate for this task exist, as well as many methods for providing systematic identifiers to family members encountered in new meta'omes. Finally, these gene families are col-lected both into unstructured biological process groups and into structured pathways by a diversi-ty of functional catalogs. I will discuss our experi-ence with gene family identification and pathway reconstruction during and after the HMP and sug-gest standardizations necessary for these tasks in the future. 
 
Steven L. Salzberg 
GSC15p41 
The Challenges of Big Data in Next-
Generation Genomics 
Steven L. Salzberg 
Director, Center for Computational Biology 
McKusick-Nathans Institute of Genetic Medicine, 
Johns Hopkins University School of Medicine, Balti-
more, MD, USA 
Correspondence:Steven L. Salzberg 
(http://bioinformatics.igm.jhu.edu/salzberg) 
Abstract Next-generation sequencing (NGS) technology al-lows us to peer inside the cell in exquisite detail, revealing new insights into biology, evolution, and 
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Organism-centric approach to study paired 
metagenome and metatranscriptome profiles 
of vaginal microbial community 
Bing Ma1, Arthur Brady1, Owen R. White1, Jacques Ravel1 
1The Institute for Genome Sciences, University of  
Maryland School of Medicine, Baltimore, MD, USA 
Abstract Metatranscriptome analyses have mostly relied on mapping sequencing reads to reference genome databases. Because of the lack of robust evaluation tools, highly variable sequence coverage, and  
demanding computational power, de novo metatranscriptome assembly are challenging. In this study, we sequenced on the Illumina HiSeq platform paired metagenomes and metatranscriptomes from human associated microbiota to explore employing metagenome in-formation for metatranscriptomic analyses by first generating species-level metagenome assemblies to map metatranscriptome sequence reads. We optimized the performance of de bruijn graph-based metagenome assemblers to generate as-semblies with high fidelity and low chimericity. The k-mer abundance distribution was estimated in digital normalization: 1) reads where sequence coverage was over 50× (redundant information) and less than 5× (most likely erroneous reads) were removed; 2) reads were then partitioned based on a de Bruijn graph connectivity to opti-mize local coverage prior to assembly. Contigs were binned by species, such that when the major-ity of the reads making a contig mapped to a bac-terial species, the contig was assigned to that spe-cies. We were able to obtain high quality assemblies from strains of bacteria species with 75-95% se-quence similarity to reference genomes. Further, nearly complete genome sequences can be con-structed with as little as 3% of total reads (~180,000 reads). Our method allows for the re-cruitment into contigs of an additional ~5-50% reads that could not be mapped to any reference genomes. When using these high quality recon-structed genome sequences as template to map metatranscriptomic sequence data as much as 25% more sequence reads were recruited for any given bacterial species when compared to the number of sequence reads map directly reference genomes. We applied our methods to dissect spe-cies level metatranscriptomics functional activi-ties of vaginal bacterial species. 
 





Utilization of Standardized Vocabularies in the 
Management of Human Microbiome Data 
Owen White, Lynn Schriml, Michelle Gwinn, Heather 
Hout, Jonathan Crabtree, Victor Felix and Anup 
Mahurkar 
Institute for Genome Sciences, University of Maryland, 
Baltimore, MD, USA 
Keywords: metagenomics, data warehouse, metadata 
Program session: Development of Resources, Tools or 
Databases Related to the GSC Mission 
Abstract The Human Microbiome Project Data Analysis and Coordination Center has been responsible for the management of microbiome samples  
derived from >700 healthy individuals as well as >15 pilot projects examining several disease states (http://hmpdacc.org). During the course of these projects we made considerable use of the Minimum Information about: -Marker Gene Se-quence (MIMARKS), -Metagenomic Sequence (MIMS) and -Genome Sequences (MIGS) specifi-cations to maintain metadata for 16S rRNA Whole Metagenome Shotgun, and reference strain bacteria respectively. Our experience with using these systems, as well as metadata to the relevant human phenotypic information associ-ated with the microbiome projects will be dis-cussed. In addition to this effort, we have devel-oped the Open Science Data Framework (OSDF, osdf.igs.umaryland.edu) a scalable data ware-housing system. We have deployed an instance of OSDF to manage nearly all of the HMP data. OSDF uses schemas that are implemented using JSON, which are closely linked to both standardized metadata (e.g., MIGS) and custom metadata for-mats. We will discuss the potential for our cur-rent implementation of these schemas to support an exchangeable internationally standardized schema file format. 
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